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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to a chuck appa-
ratus which is employed in a working machine such as
a spinning machine and which holds a workpiece or a
working tool.

Discussion of Related Art

[0002] There is known a chuck which is attached to a
spindle or a main shaft of, e.g., a working lathe or an
external cylindrical grinding machine to hold a work-
piece, or a main shaft of, e.g., a milling machine or a
drilling machine to hold a working tool. Though there are
known various sorts of chucks, two sorts of chucks are
particularly known in the art, i.e., (a) a three-jaw chuck
which includes a main member and three holding jaws
which are movable in respective radial directions of the
main member, and (b) a collet chuck which includes a
collet having a generally tubular shape, having a plural-
ity of expanding slots extending in an axial direction
thereof, and having one of an outer tapered surface and
an inner tapered surface and additionally includes a
main member having one of an inner tapered surface
and an outer tapered surface that corresponds to the
one tapered surface of the collet.

[0003] A conventional chuck apparatus includes, in
addition to a chuck, a state switching device which se-
lectively switches the chuck to a work-hold state in which
the chuck holds a work and a work-release state in
which the chuck releases the work. As the state switch-
ing device, there are known a manually operable one
and a power-driven one. In the case where the chuck is
not a rotary one, the state switching device used with
the chuck may be of a more or less large size. However,
in the case where the chuck is a rotary one that is at-
tached to a main shaft and is rotated with the main shaft,
there is a strong need to reduce the size of the chuck
apparatus. In particular, the power-driven state-switch-
ing device is likely to have a large size, which results in
various sorts of disadvantages. For example, if the
chuck apparatus which is rotated with the main shaft has
a large size, then the apparatus has a great moment of
inertia, which makes it difficult to start and stop quickly
the rotation of the main shaft and thereby makes it dif-
ficult to improve the working efficiency of the working
machine. In addition, it is difficult for the working ma-
chine to secure a space sufficient to accommodate the
large-size chuck apparatus. This problem becomes
more serious in the case where a working machine as
a whole is of a considerably small size or a single work-
ing machine employs a plurality of spindles or main
shafts each of which is associated with a chuck appa-
ratus.
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[0004] Meanwhile, in the case where the state switch-
ing device is a power-driven one, it has been conven-
tional that the power-driven state-switching device em-
ploys, as a power source thereof, a hydraulically-oper-
ated cylinder device. However, the hydraulic cylinder
device has a problem that the operation of the cylinder
device cannot be finely controlled, in particular, the op-
eration stroke thereof cannot be accurately controlled.
In addition, the working machine which employs the
chuck apparatus needs to employ a stand which pro-
duces a hydraulic pressure. Thus, the size and cost of
the working machine are increased. Moreover, since the
hydraulic-pressure stand needs to be continuously op-
erated during the operation of the working machine, the
energy efficiency of the machine is decreased.

SUMMARY OF THE INVENTION

[0005] Itis therefore an object of the present invention
to solve or reduce at least one of the above-indicated
problems and/or disadvantages of the prior art.

[0006] In afirstaspect, the presentinvention provides
a chuck apparatus comprising:

a chuck; and
means driven by an electric motor for selectively
moving the chuck to hold or release an object.

[0007] According to a first preferred embodiment,
there is provided a chuck apparatus comprising a chuck;
and a power-driven device which selectively places the
chuck in an object-hold state thereof in which the chuck
holds an object, and an object-release state thereof in
which the chuck releases the object, the power-driven
device comprising, as a power source thereof, an elec-
tric motor.

[0008] Since the power-driven device which selec-
tively places the chuck in the object-hold state and the
object-release state includes, as the power source, the
electric motor, the present chuck apparatus is free of the
above-identified problems and/or disadvantages of the
conventional chuck apparatus in which the power-driv-
en device includes, as the power source, the hydraulic
cylinder device.

[0009] Preferably, the electric motor comprises a ser-
vomotor.

[0010] Since the servomotor as the electric motor can
be accurately controlled with respect to its rotation an-
gle, torque, rotation speed, etc, an operation amount,
and an operation force, of the chuck apparatus can be
finely controlled.

[0011] Preferably, the chuck comprises at least one
holding member at least a portion of which is moved in
a radial direction thereof so as to be selectively placed
in the object-hold state and the object-release state,
said means further comprises an axial-direction mova-
ble member which is movable in an axial direction of the
chuck; and a first motion converting means which con-
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verts the axial-direction motion of the movable member
into the radial-direction motion of at least the portion of
the holding member, and the electric motor causes the
axial-direction motion of the movable member.

[0012] Preferably, the axial-direction movable mem-
ber comprises a draw bar which transmits a tensile force
to the chuck and thereby places the chuck in the object-
hold state.

[0013] Since the chuck apparatus employs the draw
bar, itis made possible to attach the chuck to a front end
of a rotary shaft, such as a spindle, and provide the pow-
er source of the power-driven device around a rear end
of the rotary shaft. Thus, it is made easier to dispose the
power-driven device as a whole or the power source
thereof. Since a tool rest or a work rest which is moved
while holding a tool or a work is provided around the
chuck, itis difficult, in many cases, to dispose the power-
driven device around the chuck. However, the present
chuck apparatus is free of that problem.

[0014] Preferably, said means comprises a first rotary
member which is rotatable about an axis line of the axial-
direction movable member and whose axial-direction
movement is restricted; and a second motion converting
means which converts the rotary motion of the first ro-
tary member into the axial-direction motion of the mov-
able member, and the electric motor rotates the first ro-
tary member.

[0015] In the present chuck apparatus, since the ro-
tation of the first rotary member causes the axial-direc-
tion movement of the axial-direction movable member,
the rotary-type electric motor can be easily employed as
the power source of the power-driven device.

[0016] Preferably, the second motion converting
means comprises a first threaded member which is sub-
stantially integral with the axial-direction movable mem-
ber and a second threaded member which is threadedly
engaged with the first threaded member, and the second
threaded member is substantially integral with the first
rotary member. The phrase "substantially integral"
means either the first or second threaded member is lit-
erally integral with the axial-direction movable member
or the first rotary member, or that the former member is
fixed to the latter member such that the two members
are not movable or rotatable relative to each other.
[0017] Since the second motion converting device in-
cludes the first and second threaded members which
are threadedly engaged with each other, the construc-
tion of the present chuck apparatus can be easily sim-
plified.

[0018] Preferably, said means comprises a clutch
which is provided between the electric motor and the
first rotary member and which is selectively placed in a
connected state thereof in which the clutch connects the
first rotary member and the electric motor to each other
and a disconnected state thereof in which the clutch dis-
connects the first rotary member and the electric motor
from each other, the clutch preferably being usually kept
in the disconncted state, and being placed in the con-
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nected state when the chuck is switched between the
object-hold state and the object-release state.

[0019] Though the chuck is of a type which is rotated
with the rotary shaft, at least the power source of the
power-driven device can be disconnected from the
chuck, by placing the clutch in the disconnected state.
Thus, the power source need not be rotated with the ro-
tary shaft. This feature contributes to increasing the de-
gree of freedom with respect to the position where the
electric motor is disposed, or reducing the moment of
inertia exerted to the chuck and a portion of the power-
driven device that is rotated with the rotary shaft. How-
ever, it is noted that the above feature may be employed
in a chuck apparatus which employs a hydraulic oscil-
lating motor as the power source of the power-driven
device.

[0020] Preferably, said means comprises at least one
elastic member which applies an elastic force to the first
rotary member in a direction in which the chuck is biased
toward the object-hold state via the axial-direction mov-
able member and the second motion converting means.
[0021] When the elastic force of the elastic member
is applied to the first rotary member, the elastic force is
transmitted to the axial-direction movable member via
the first rotary member and the second motion convert-
ing mechanism, so that the chuck is stably kept in the
work-hold state. This feature is particularly advanta-
geous in the case where a clutch is provided between
the electric motor and the first rotary member and the
clutch is placed in its disconnected state during the ro-
tation of the rotary shaft.

[0022] Preferably, the chuck comprises a main mem-
ber and three holding members which are supported by
the main member such that the holding members are
movable in respective radial directions of the main mem-
ber, and the first motion converting means converts the
axial-direction motion of the movable member into re-
spective radial-direction motions of the three holding
members that are axis-symmetric with one another with
respect to an axis line of the main member.

[0023] The holding members may be ones which co-
operate with one another to engage an outer circumfer-
ential surface of an object and thereby hold the object,
or ones which cooperate with one another to engage an
inner circumferential surface of an object and thereby
hold the object.

[0024] Preferably, the holding member comprises a
collet which has a tubular shape and has a plurality of
slots extending in the axial direction of the chuck, and
the first motion converting means comprises one of an
outer tapered surface and an inner tapered surface that
is provided on the collet; and a main member which has
the other of the inner tapered surface and the outer ta-
pered surface.

[0025] The collet may be one which engages an outer
circumferential surface of an object and thereby hold the
object, or one which engages an inner circumferential
surface of an object and thereby hold the object.
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[0026] Preferably, the chuck comprises a main mem-
ber which is attached to an end of a rotary shaft so as
to be rotated with the rotary shaft.

[0027] Preferably, the electric motor is attached to a
frame which supports the rotary shaft such that the ro-
tary shaft is rotatable about an axis line thereof.

[0028] Preferably, the chuck apparatus further com-
prises a main drive device which rotates the rotary shaft.
[0029] Preferably, the main drive device comprises a
second electric motor which is different from the electric
motor of the power-driven device as a first electric motor
and which includes a stator fixed to the frame; and a
rotor which is provided inside the stator such that the
rotor is coaxial with the stator and which is fixed to the
rotary shaft so as to be rotated with the rotary shaft.
[0030] Since the rotation of the rotor is directly trans-
mitted to the rotary shaft, it is possible to reduce the mo-
ment of inertia that is exerted to the chuck and a portion
of the power-driven device that is rotated with the rotary
shaft.

[0031] Preferably, the clutch comprises a first clutch
member which is fixedly provided on the first rotary
member; and a second clutch member which is coaxial
with the rotary shaft, is rotatable relative to the rotary
shaft, and is movable relative to the rotary shaft in the
axial direction of the chuck, and which is moved in the
axial direction to be engaged with, and disengaged
from, the first clutch member.

[0032] The present chuck apparatus can employ any
one of the above features.

[0033] Preferably, the chuck apparatus further com-
prises a frame; a rotary shaft which is supported by the
frame such that the rotary shaft is rotatable about an
axis line thereof; a main member which is attached to
an end of the rotary shaft; a second rotary member
which is supported by the frame such that the second
rotary member is rotatable about an axis line thereof and
which is engaged with the second clutch member such
that the second rotary member is not rotatable relative
to the second clutch member and is movable relative to
the second clutch member in the axial direction of the
chuck; and rotation transmitting means which transmits
the rotation of the electric motor to the second rotary
member.

[0034] Forexample, the second rotary member is pro-
vided by a pulley, and the rotation transmitting member
is provided by a wound-on member, such as a belt or a
chain, that is wound on the pulley. Alternatively, the sec-
ond rotary member may be provided by a first gear, and
the rotation transmitting device may be provided by a
second gear which is meshed with the first gear.
[0035] According to a second aspect of the present
invention, there is provided apparatus for working a
workpiece, comprising a frame; a rotary shaft which is
supported by the frame such that the rotary shaft is ro-
tatable about an axis line thereof relative to the frame;
a rotor which is fixed to the rotary shaft; a stator which
is provided outside the rotor such that the stator is co-
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axial with the rotor and which is supported by the frame
such that the stator is not rotatable relative to the frame;
and a chuck which is provided at an end of the rotary
shaft and which holds and releases an object.

[0036] The object may be either a workpiece or a
working tool. In the case where the object is a work-
piece, the present working machine further employs a
too holding device which is not rotatable and which
holds a working tool. On the other hand, in the case
where the object is a working tool, the present working
machine further employs a workpiece holding device
which is not rotatable and which holds a workpiece. The
present working machine may employ any of the afore-
mentioned features.

[0037] Preferably, the apparatus further comprises a
state switching device which includes a power source
and which selectively switches the chuck to an object-
hold state thereof in which the chuck holds the object
and an object-release state thereof in which the chuck
releases the object, the power source is separate from
the rotary shaft and is not rotatable relative to the frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other objects, features, advan-
tages and technical and industrial significance of the
present invention will be better understood by reading
the following detailed description of preferred embodi-
ments of the invention, when considered in connection
with the accompanying drawings, in which:

Fig. 1 is a cross-sectioned, front elevation view of
a relevant portion of a working lathe including a
chuck apparatus to which the present invention is
applied;

Fig. 2 is a front elevation view of a relevant portion
of another chuck apparatus as a second embodi-
ment of the present invention;

Fig. 3 is a cross-sectioned, front elevation view of
arelevant portion of another working lathe including
another chuck apparatus as a third embodiment of
the present invention;

Fig. 4 is a cross-sectioned, front elevation view of
a relevant portion of another chuck apparatus as a
fourth embodiment of the present invention; and
Fig. 5 is a cross-sectioned, front elevation view of
a relevant portion of another chuck apparatus as a
fifth embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0039] Referring first to Fig. 1, there will be described
in detail a chuck apparatus embodying the present in-
vention.

[0040] Fig. 1 shows a relevant portion of a working
lathe as a sort of working machine that includes a chuck
apparatus embodying the present invention. The work-
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ing lathe has a main shaft 10 as a rotary shaft that is
rotatably supported by a frame 30 of the lathe. The
chuck apparatus includes a chuck 18 including a main
member 14 which is coaxially and detachably attached
to the main shaft 10, and three holding jaws 16 (only
one jaw 16 is shown in Fig. 1) as a plurality of holding
members that are supported by the main member 14
such that the three jaws 16 are equiangularly spaced
from one another about the main shaft 10 and are mov-
able in respective radial directions of the same 10. The
chuck apparatus additionally includes a power-driven
device 20 which selectively places the three holding
jaws 16 in a work-hold state in which the jaws 16 coop-
erate with one another to hold a work as a sort of object
and in a work-release state in which the jaws 16 release
the work. Thus, the present chuck apparatus employs
the three-jaw chuck 18. The power-driven device 20 in-
cludes a servomotor 22 as a drive source. The holding
jaws 16 are connected to a draw bar 24 as an axial-di-
rection movable member, via a motion converting mech-
anism 26 as a first motion converting mechanism. The
motion converting mechanism 26 converts a linear mo-
tion or movement of the draw bar 24 in an axial direction
of the rotary shaft 10, into respective motions of the
three holding jaws 16 that are axis-symmetric with one
another with respect to an axis line of the main member
14 that is coaxial with the axis line of the shaft 10. The
axis-symmetric motions of the three jaws 16 are respec-
tive movements of the same 16 toward, or away from,
one another in respective radial directions of the shaft
10. Thus, the three jaws 16 are selectively placed in the
work-hold state in which the jaws 16 contact an outer
surface of the work and hold the same and in the work-
release state in which the jaws 16 release the work. The
axial-direction movement of the draw bar 24 is caused
by the operation or rotation of the servomotor 22. Thus,
in the present embodiment, the power-driven device 20
can be said as a state-switch device which switches the
three holding jaws 16 from the work-hold state to the
work-release state and vice versa and which includes
the servomotor 22 as a power source. The detailed con-
struction of the power-driven device 20 will be described
later.

[0041] The chuck 18 holding the work is rotated with
the main shaft 10. The main shaft 10 includes a plurality
of members which are assembled into the integral mem-
ber 10. The main shaft 10 has a hollow cylindrical shape
including a small-diameter front portion 28 and a large-
diameter rear portion 29 whose diameter is greater than
that of the front portion 28. The front portion 28 of the
main shaft 10 is rotatably received in a generally cylin-
drical hollow space formed in the frame 30 of the lathe,
via a plurality of bearings 32. The frame 30 includes a
plurality of members which are assembled into the inte-
gral member 30.

[0042] The main shaft 10 is driven or rotated by an
electric motor 36 as a main drive device. In the present
embodiment, the electric motor 36 is a synchronous-
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type electric motor which includes a stator 40 which is
fixed to the frame 30; and a rotor 44 which is fixed to an
outer circumferential surface of the rear portion 29 of the
main shaft 10 such that the rotor 44 is located inside the
stator 40 and is coaxial with, and adjacent to, the same
40. The rotor 44 is a permanent magnet. When the elec-
tric motor 36 is operated, the rotor 44 is rotated and ac-
cordingly the main shaft 10 is rotated. An amount of ro-
tation of the electric motor 36 is detected by an encoder
48 which is provided at a rear end of the main shaft 10.
[0043] A cooling device 60 is provided outside the sta-
tor 40. In the present embodiment, the cooling device
60 is of a liquid-cooled type which includes a hollow, cy-
lindrical jacket 62. The jacket 62 has a spiral liquid-flow
passage 66 which opens in an inner circumferential sur-
face thereof; and two openings 68, 70 each of which
opens in an outer circumferential surface thereof and
communicates with the passage 66. The jacket 62 is flu-
idtightly fitted on an outer circumferential surface of a
rear portion of the frame 30, and the stator 40 is fixed
to an inner circumferential portion of the rear portion of
the frame 30. One 68 (or 70) of the two openings 68, 70
functions as aninlet through which a coolant (i.e., a cool-
ing liquid) is supplied, and the other opening 70 (or 68)
functions as an outlet through which the coolant is dis-
charged after passing through the passage 66. Thus,
the heat produced by the operation of the electric motor
36 is removed.

[0044] The draw bar 24 is fitted in the main shaft 10
such that the bar 24 is coaxial with the shaft 10 and is
movable in the axial direction of the same 10. A key 80
as a rotation-prevent member that is fixed to an inner
circumferential surface of the rear portion 29 of the main
shaft 10 with an appropriate fixing means such as a bolt,
projects radially inward of the shaft 10 to be engaged
with a key groove 84 which is formed in an outer circum-
ferential surface of a rear portion 82 of the draw bar 24.
Thus, the draw bar 24 is allowed to move relative to the
main shaft 10 in the axial direction of the same 10, and
is prevented from rotating relative to the same 10. The
key 80 and the key groove 84 cooperate with each other
to provide a rotation preventing device. The draw bar 24
includes two members corresponding to a front portion
86 and the rear portion 82, respectively, which are as-
sembled with each other to provide the integral member
24. The rear portion 82 has a diameter greater than that
of the front portion 86 that is connected to the motion
converting mechanism 26.

[0045] A hollow, cylindrical rotary member 90 is pro-
vided outside the rear portion 82 of the draw bar 24. The
rotary member 90 is supported by a holding portion 94
via a bearing metal 96 such that the rotary member 90
is rotatable about the axis line of the draw bar 24. The
holding portion 94 projects radially inward from the rear
portion 29 of the main shaft 10 and to which the bearing
metal 96 is fixed. However, movements of the rotary
member 90 in the axial direction of the bar 24 are elas-
tically restricted by a pair of disc springs 100, 102 which
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are retained by respective retainers 104, 106. The two
disc springs 100, 102 apply respective elastic forces to
the rotary member 90 in axially opposite directions, re-
spectively. One 100 of the two disc springs 100, 102 is
provided between the rotary member 90 and a front end
surface 110 of the holding portion 94, and the other disc
spring 102 is provided between the rotary member 90
and a rear end surface 112 of the holding portion 94.
Two bearings 114, 116 are provided between the rotary
member 90 and the two retainers 104, 106, respectively.
Therefore, the rotation of the rotary member 90 is not
transmitted to the disc springs 100, 102 or the main shaft
10.

[0046] The rear portion 82 of the draw bar 24 has, on
an outer circumferential surface of a rear side of the key
groove 84, an integrally formed, external thread 120
which is screwed in an internal thread 122 which is
formed in an inner circumferential surface of the rotary
member 90. The external thread 120 of the draw bar 24
provides a first screw member; the internal thread 122
of the rotary member 90 provides a second screw mem-
ber; and the first and second screw members cooperate
with each other to function as a second motion convert-
ing mechanism which converts the rotation of the rotary
member 90 into the linear motion of the draw bar 24.
[0047] The rotary member 90 is driven or rotated by
the above-mentioned servomotor 22. The rotary mem-
ber 90 is connected to the servomotor 22 via a clutch
130, described later. The servomotor 22 is attached to
the frame 30. In the present embodiment, the servomo-
tor 22 is an AC (alternate current) servomotor that is an
electric rotary motor as a sort of drive source and is ac-
curately controllable with respect to its rotation angle
and speed. An amount of rotation of the servomotor 22
is detected by an encoder (not shown).

[0048] The clutch 130 is a claw clutch including a first
clutch member 134 which is integral with the rotary
member 90; and a second clutch member 138 which is
movable in the axial direction of the draw bar 24 and
which includes an engaging portion which is engaged
with, and disengaged from, an engaging portion of the
first clutch member 134 when the second clutch mem-
ber 138 is moved in the axial direction. In the present
embodiment, the first clutch member 134 is fixed with a
bolt 140 as a fixing means to a rear end surface of the
rotary member 90. The second clutch member 138 has
a hollow, cylindrical shape, is coaxial with the main shaft
10 (and the draw bar 24), and is rotatable relative to the
same 10 (and the bar 24) and movable relative to the
same 10 (and the bar 24) in the axial direction of same
10 (and the bar 24). The second clutch member 138 has
an inner diameter which assures that the rear portion 82
of the draw bar 24 is fitable therein and move relative
thereto in the axial direction thereof. The second clutch
member 148 has, in an outer circumferential surface
thereof, a spline portion 142, and fits in a spline hole 146
of a pulley 144 as a second rotary member such that the
second clutch member 148 is not rotatable relative to
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the pulley 144 and is movable relative to the same 144
in the axial direction of the draw bar 24 (and the main
shaft 10). The pulley 144 is supported by the frame 30
via a bearing 150, such that the pulley 144 is rotatable
relative to the frame 30 and is not movable in the axial
direction of the bar 24 (and the shaft 10). The pulley 144
is connected via an endless belt 152 to a pulley 158 fixed
to an output shaft 156 of the servomotor 22.

[0049] Anannularmember 160 is attached via a bear-
ing 162 to a rear end portion of the second clutch mem-
ber 138 such that the annular member 160 is rotatable
relative to the member 138 and is not movable relative
to the same 138 in the axial direction of the same 138.
The annular member 160 has, in an outer circumferen-
tial surface thereof, an annular groove 164, and a pair
of pins 168 which project from one part-annular end por-
tion of a lever 166 are engaged with the annular groove
164 such that the pins 168 are substantially not movable
relative to the annular member 160 in the axial direction
of the second clutch member 138. The lever 166 is sup-
ported by a support member (not shown) such that the
lever 166 is pivotable about an axis line which is per-
pendicular to the axis line of the main shaft 10. The other
end portion of the lever 166 is connected to an air-op-
erated cylinder device (not shown) and, when the cylin-
der device is operated, the lever 166 is pivoted about its
axis line perpendicular to the axis line of the shaft 10.
This rotation of the lever 166 is transmitted to the annu-
lar member 160 because of the engagement of the pins
168 with the opposite side walls of the annular groove
164 of the annular member 160, so that the second
clutch member 38 is moved in the axial direction to be
engaged with, and disengaged from, the first clutch
member 134. Thus, the clutch 130 is selectively placed
in its connected state and its disconnected state. The
air-operated cylinder device has a piston rod which is
connected to the other end of the lever 166, and a so-
lenoid-operated control valve (not shown) advances
and retracts the piston rod of the cylinder device. The
annular member 160, the lever 166, the pins 168 and
the air-operated cylinder device cooperate with one an-
other to provide a moving device which moves the sec-
ond clutch member 138 relative to the first clutch mem-
ber 134 in the axial direction of the draw bar 24 (or the
main shaft 10). The lever 166 may be adapted such that
the lever 166 is selectively placed in its connected and
disconnected states on a manual-operation basis.
[0050] When the servomotor 22 is started with the
clutch 130 being placed in its connected state, the rota-
tion of the motor 22 is transmitted to the rotary member
90 viathe pulley 158, belt 152, pulley 144, second clutch
member 138, and first clutch member 134, and the ro-
tary motion of the rotary member 90 is converted by the
above-described second motion converting mechanism
into the linear movement of the draw bar 24. Thus, the
bar 24 is moved in the axial direction of the main shaft
10.

[0051] The present working lathe is controlled by a
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control device 170, which includes a computer including
a processing unit (PU), a read only memory (ROM), a
random access memory (RAM), an input interface, an
outputinterface, etc.; and a plurality of drive circuits. The
encoder 48 of the electric motor 36 and the encoder (not
shown) of the servomotor 22 are connected to the input
interface of the control device 170; and the output inter-
face of the control device 170 is connected via the re-
spective drive circuits to the servomotor 22, the electric
motor 36 and the solenoid-operated control valve (not
shown) associated with the clutch 130.

[0052] The presenting working lathe has the chuck
apparatus constructed as described above. When the
chuck 18 of the chuck apparatus holds a workpiece or
work, first, the clutch 130 is placed in its connected state
and then the servomotor 22 is started, so that the rota-
tion of the second clutch member 138 is transmitted to
the first clutch member 134 or the rotary member 90 and
the draw bar 24 is moved rearward in the axial direction
of the main shaft 10. This axial-direction movement of
the draw bar 24 is converted by the motion converting
mechanism 26 into the respective radial-direction move-
ments of the three holding jaws 16, so that the three jaws
16 are moved toward one another and cooperate with
one another to hold the work at an outer circumferential
surface thereof.

[0053] Next, after the clutch 130 is placed in its dis-
connected state, the electric motor 36 is started. In the
disconnected state of the clutch 130, the second clutch
member 138 and the servomotor 22 are not connected
to the first clutch member 134 and accordingly the main
shaft 10. Therefore, when the electric motor 36 is oper-
ated and the main shaft 10 is rotated, the rotation of the
shaft 10 is not transmitted to the second clutch member
138 or the servomotor 22. The rotation of the main shaft
10 causes the rotation of the work held by the chuck 18,
and the work is cut by a cutting tool as a working tool
that is attached to a tool holder (not shown). Even in the
disconnected state of the clutch 130, the elastic force of
the rear disc spring 102 is applied to the draw bar 24 via
the rotary member 90 and the second motion converting
mechanism (i.e., the internal and external threads 122,
120), so that the bar 24 is biased rearward. Thus, the
chuck 18 can continue holding the work. In addition, al-
though moment of inertia is exerted to the rotary mem-
ber 90 when the rotation of the main shaft 10 is started
and stopped, the frictional force produced between the
internal and external threads 122, 120 prevents the ro-
tary member 90 from being rotated relative to the draw
bar 24. Thus, the chuck 18 can continue holding the
work with a constant holding force.

[0054] When the work is released after the working
operation is finished, the clutch 130 is switched to its
connected state, again, and the servomotor 22 is started
to rotate the rotary member 90 in a reverse direction, so
that the draw bar 24 is moved forward. Thus, the three
holding jaws 16 are moved away from one another to
release the work.
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[0055] In the present embodiment, since the power-
driven device 20 (i.e., the state-switch device) includes,
as its drive source, the servomotor 22 that is accurately
controllable with respect to its rotation angle and its ro-
tation speed, the chuck apparatus is accurately control-
lable with respect to its operation amount and/or its op-
eration force. In addition, the chuck apparatus can be
easily adapted to different diameters of various sorts of
works and can hold the various sorts of works with re-
spective appropriate holding forces. The latter advan-
tages are the most significant in the case where the work
has a hollow cylindrical shape and is easily deformable
or the work is formed of a soft material. Moreover, since
the main drive device for the main shaft 10 is provided
by the electric motor 26 which is accommodated in the
frame 30, the rotation of the shaft 10 can be quickly start-
ed and stopped, which contributes to improving the
working efficiency of the present working lathe. Further-
more, since the clutch 130 is placed in its disconnected
state while the main shaft 10 is rotated, the rotation of
the shaft 10 is not transmitted to the servomotor 22,
which contributes to reducing the moment of inertia pro-
duced by all the elements which are rotated with the
shaft 10. In addition, the degree of freedom with respect
to the position where the servomotor 22 is provided is
improved. As described above, even if the clutch 130 is
placed in its disconnected state while the main shaft 10
is rotated, the rear disc spring 102 biases the rotary
member 90 and the draw bar 24 in the direction (in which
the bar 24 is biased rearward) toward the state in which
the chuck apparatus holds the work. Thus, the chuck
apparatus can stably continue holding the work. As
compared with the case where the power-driven device
20 employs, as its power source, a hydraulic cylinder
device in place of the servomotor 22, the present chuck
apparatus can enjoy a small size. In addition, since the
present chuck apparatus does not need the hydraulic
pressure, the chuck apparatus can enjoy a high energy
efficiency.

[0056] Since the present embodiment employs the
two disc springs 100, 102 as the elastic members that
apply the respective elastic forces to the draw bar 24 in
the opposite directions along the axial direction, respec-
tively, the principle of the present invention is applicable
to both a chuck apparatus of the above-described type
which moves the draw bar 24 rearward and thereby
causes the chuck 18 to hold the work, and a chuck ap-
paratus of a different type which moves a draw bar 24
forward and thereby causes a chuck to hold a work.
[0057] Forexample, the chuck 18 shown in Fig. 1 may
be replaced with a chuck shown in Fig. 2. The same ref-
erence numerals as used in Fig. 1 are used to designate,
and refer to, the corresponding elements and parts of
the chuck shown in Fig. 2, and the description and illus-
tration thereof are omitted. Thus, only the differences
between the chuck 18 shown in Fig. 1 and the chuck
shown in Fig. 2 will be described below.

[0058] As shown in Fig. 2, the present chuck appara-
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tus includes a three-jaw chuck including a main member
208 and three holding jaws 210 (only one jaw 210 is
shown in Fig. 2) each as a holding member that are sup-
ported by the main member 208 such that the three jaws
210 are equiangularly spaced from one another about
the axis line of the main shaft 10 and such that the three
jaws 210 are moved toward, and away from, one anther
while keeping an axis-symmetric relationship. Unlike the
three holding jaws 16 shown in Fig. 1, the present three
holding jaws 210 holds a work by engaging respective
portions of an inner circumferential surface of the work.
The jaws 210 are connected to the draw bar 24 via a
motion converting mechanism (not shown) similar to the
motion converting mechanism 26 shown in Fig. 1, so
that the axial-direction linear motion of the draw bar 24
is converted by the motion converting mechanism into
the axis-symmetric motions of the jaws 210 with respect
to the axis line of the main member 208 (or the axis line
of the main shaft 10), more specifically described, the
respective radial-direction motions of the jaws 210 to-
ward, and away from, one another. Thus, the three jaws
210 are selectively placed in a work-hold state in which
the jaws 210 cooperate with one another to hold the
work as an object by engaging its inner circumferential
surface, and in a work-release state in which the jaws
210 releases the work. The main member 208 is detach-
ably attached to the main shaft 10. In the second em-
bodiment, when the chuck apparatus holds the work,
first, the clutch 130 is switched to its connected state
and the servomotor 22 is started, so that the rotation of
the second clutch member 138 is transmitted to the ro-
tary member 90 via the first clutch member 134. Thus,
the draw bar 24 is moved forward as indicated at arrow
in Fig. 2, and the three holding jaws 210 are moved away
from one another to engage the inner circumferential
surface of the work and thereby hold the work. After the
clutch 130 is switched to its disconnected state, the elec-
tric motor 36 is started, so that the main member 208 is
rotated with the main shaft 10. Though the clutch 130 is
in its disconnected state, the front disc spring 100 ap-
plies the elastic force to the rotary member 90 and ac-
cordingly the draw bar 24 in the direction in which the
bar 24 is moved forward. In addition, the frictional force
produced between the rotary member 90 and the draw
bar 24 prevents the rotary member 90 from being rotat-
ed relative to the bar 24. Thus, the three-jaw chuck can
stably keep holding the work.

[0059] Thus, the two disc springs 102, 100 applies the
respective elastic forces to the draw bar 24 rearward
and forward, respectively. Therefore, the present inven-
tion is applicable to both the first type in which the draw
bar 24 is moved rearward to place the chuck apparatus
in its work-hold state, and the second type in which the
draw bar 24 is moved forward to place the chuck appa-
ratus in its work-hold state.

[0060] Each of the two disc springs 100, 102 as the
elastic members may be replaced with a plurality of disc
springs which are arranged in series. In addition, each
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disc spring 100, 102 may be replaced with a different
sort of spring member or a different sort of elastic mem-
ber.

[0061] The chuck apparatus shown in Fig. 1 may be
modified such that the draw bar 24 is moved forward to
place the chuck apparatus in its work-hold state and is
moved rearward to place the apparatus in its work-re-
lease state, contrarily to the manner described above
by reference to Fig. 1; and the chuck apparatus shown
in Fig. 2 may be modified such that the draw bar 24 is
moved rearward to place the chuck apparatus in its
work-hold state and is moved forward to place the ap-
paratus in its work-release state, contrarily to the man-
ner described above by reference to Fig. 2.

[0062] The liquid-using cooling device 60 for the elec-
tric motor 36, shown in Fig. 1, may be replaced with an
air-using cooling device 300 shown in Fig. 3. The same
reference numerals as used in Fig. 1 are used to desig-
nate, and refer to, the corresponding elements and parts
of the third embodiment shown in Fig. 3, and the de-
scription and illustration thereof are omitted. The cooling
device 300 includes a hollow, cylindrical member 301
which is fitted on the outer circumferential surface of the
stator 40 via the rear portion of the frame 30; and a plu-
rality of heat-radiating fins 302 which are integral with
the member 301 and project from the outer circumfer-
ential surface of the same 301. The cooling device 300
is fixed to the frame 30. The fins 302 have a great sur-
face area which radiates the heat produced by the op-
eration of the electric motor 36.

[0063] The present invention is applicable to various
sort of chuck apparatuses other than the above-de-
scribed three-jaw chuck apparatus. For example, the
present invention is applicable to a collet chuck includ-
ing a main member and a collet as a holding member
for holding an object. The collet chuck is either an ex-
ternal collet chuck, as shown in Fig. 4, which externally
holds an object, or an internal collet chuck, as shown in
Fig. 5, which internally holds an object. In the fourth and
fifth embodiments shown in Figs. 4 and 5, the same ref-
erence numerals as used in Fig. 1 are used to designate,
and refer to, the corresponding elements and parts of
the fourth and fifth embodiments, and the description
and illustration thereof are omitted.

[0064] The external collet chuck, shown in Fig. 4, in-
cludes a main member 402 which has a cylindrical
shape and which is detachably attached to the main
shaft 10; and a collet 404 which is fitted in the main mem-
ber 402 such that the collet 404 is coaxial with the same
402 and is movable relative to the same 402 in the axial
direction of the main shaft 10. The collet 404 has a con-
tainer-like shape, and has a plurality of expanding slots
410 extending from a cylindrical end portion 406 toward
a base portion 408. Thus, the inner diameter of the end
portion 406 can be changed, i.e., increased and de-
creased. The end portion 406 has a non-tapered, cylin-
drical inner circumferential surface 414, and has a ta-
pered outer circumferential surface 416 whose diameter
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increases toward a front opening of the end portion 406.
The main member 402 has, at a front opening end there-
of, a tapered inner circumferential surface 420 corre-
sponding to the tapered outer surface 416. The collet
404 is fixed, at the base portion 408 thereof, to the draw
bar 24 with an appropriate fixing means, such that the
collet 404 is coaxial with the bar 24. The fixing means
includes, for example, an externally threaded portion
422 formed in an end portion of the draw bar 24, and a
nut 424 which is threadedly engaged with the external
thread 422 to fasten to the bar 24 to the base portion
408 of the collet 404.

[0065] When the draw bar 24 is moved rearward as
indicated at arrow in Fig. 4, like in the first embodiment
shown in Fig. 1, the collet 404 is moved rearward, so
that the tapered outer surface 416 is pressed against
the tapered inner surface 420. Therefore, the diameter
of the collet 404 is decreased, so that the cylindrical in-
ner surface 414 engages an outer circumferential sur-
face of a work as an object and holds the work. Mean-
while, when the draw bar 24 is moved forward, the collet
404 is placed in its work-release state in which the collet
404 is expanded and the diameter thereof is increased.
In the fourth embodiment shown in Fig. 4, the tapered
outer surface 416 and the tapered inner surface 420 co-
operate with one another to provide the first motion con-
verting mechanism.

[0066] The internal collet chuck, shown in Fig. 5, in-
cludes a tapered member 502 as a main member that
has a circular transverse cross section and includes a
rear portion 504 fixed to the draw bar 24 with an appro-
priate fixing means such that the tapered member 502
is coaxial with the bar 24. The present collet chuck ad-
ditionally includes a cylindrical collet 508 which is fitted
on the tapered member 502 such that the collet 508 is
coaxial with the tapered member 502. In other words,
the tapered member 502 is fitted in an inner space of
the collet 508 such that the tapered member 502 is mov-
able relative to the collet 508 in the axial direction of the
main shaft 10. The collet 508 has a plurality of expand-
ing slots 514 extending from an end portion 510 toward
abase portion 512. Thus, the diameter of the end portion
510 can be increased and decreased. The end portion
510 has a non-tapered, cylindrical outer circumferential
surface 518, and a tapered inner circumferential surface
520 whose diameter decreases toward a front opening
of the end portion 510. The tapered member 502 has,
at an end portion 524 thereof, a tapered outer circum-
ferential surface 526 corresponding to the tapered inner
surface 520. The collet 508 is detachably attached, at
the base portion 510 thereof, to the main shaft 10.
[0067] When the draw bar 24 is moved forward in the
axial direction of the main shaft 10, as indicated at arrow
in Fig. 5, the tapered member 502 is moved forward, so
that the tapered outer surface 526 is pressed against
the tapered inner surface 520. Therefore, the diameter
ofthe collet 508 is increased, so that the cylindrical outer
surface 518 of the collet 508 engages an inner circum-
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ferential surface of a work as an object and holds the
work. Meanwhile, when the draw bar 24 is moved rear-
ward, the collet 508 is placed in its work-release state.
In the fifth embodiment shown in Fig. 5, the tapered in-
ner surface 520 and the tapered outer surface 526 co-
operate with one another to provide the first motion con-
verting mechanism.

[0068] The collet chuck is only required to have such
a construction that one of the collet and the tapered
member is movable relative to the other of the collet and
the tapered member in the axial direction of the main
shaft 10 to hold and release the work. Therefore, in the
collet chuck shown in Fig. 4, the draw bar 24 may be so
modified as to be fixed to the main member 402 as the
tapered member, so thatthe main member 402 is moved
relative to the collet 404 in the axial direction; and in the
collet chuck shown in Fig. 5, the draw bar 24 may be so
modified as to be fixed to the collect 508, so that the
collect 508 is moved relative to the tapered member 502
in the axial direction.

[0069] Each feature disclosed in this specification
(which term includes the claims) and/or shown in the
drawings may be incorporated in the invention inde-
pendently of other disclosed and/or illustrated features.
[0070] Statements in this specification of the "objects
of the invention" relate to preferred embodiments of the
invention, but not necessarily to all embodiments of the
invention falling within the claims.

[0071] The description of the invention with reference
to the drawings is by way of example only.

[0072] The text of the abstract filed herewith is repeat-
ed here as part of the specification.

[0073] A chuck apparatus including a chuck (18), and
a power-driven device (20) which selectively places the
chuck in an object-hold state thereof in which the chuck
holds an object, and an object-release state thereof in
which the chuck releases the object, the power-driven
device including, as a power source thereof, an electric
motor (22).

Claims
1. A chuck apparatus comprising:

a chuck (18); and
means driven by an electric motor for selective-
ly moving the chuck to hold or release an object.

2. A chuck apparatus according to Claim 1, wherein
the electric motor comprises a servomotor (22).

3. Achuck apparatus according to Claim 1 or Claim 2,
wherein the chuck comprises at least one holding
member (16; 210; 404; 508) at least a portion of
which is movable in a radial direction thereof so as
to be selectively placed in one of an object-hold
state and an object-release state, wherein said
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means comprises an axially movable member (24)
which is movable in an axial direction of the chuck;
and motion conversion means (26; 416, 420; 520,
526) for correcting the motion of the axially movable
member into the radial motion of at least said por-
tion of the holding member, and wherein the electric
motor is arranged to control the axial-direction mo-
tion of the movable member.

A chuck apparatus according to Claim 3, wherein
the axially movable member comprises a draw bar
(24) for applying a tensile force to the chuck (18;
404) to place the chuck in the object-hold state.

A chuck apparatus according to Claim 3 or Claim 4,
wherein said means comprises a first rotary mem-
ber (90) which is rotatable about an axis line of the
axially movable member and whose axial move-
ment is restricted; and a second motion converting
means (120, 122) for converting the rotary motion
of the first rotary member into the axial motion of
the movable member, and wherein the electric mo-
tor is adapted to rotate the first rotary member.

A chuck apparatus according to Claim 5, wherein
the second motion converting means comprises a
first threaded member (120) which is substantially
integral with the axially movable member and a sec-
ond threaded member (122) which is threadedly en-
gaged with the first threaded member, and wherein
the second threaded member is substantially inte-
gral with the first rotary member.

A chuck apparatus according to Claim 5 or Claim 6,
wherein said means further comprises a clutch
(130) which is provided between the electric motor
and the first rotary member and which is selectively
placeable in a connected state in which the clutch
connects the first rotary member to the electric mo-
tor and a disconnected state in which the clutch is
disconnected from the first rotary member, the
clutch being placed in the connected state when the
chuck is switched between the object-hold state
and the object-release state.

A chuck apparatus according to any one of Claims
5 to 7, wherein said means further comprises at
least one elastic member (100, 102) for applying an
elastic force to the first rotary member in a direction
in which the chuck is biased toward the object-hold
state via the axially movable member and the sec-
ond motion converting means.

A chuck apparatus according to any one of Claims
3 to 8, wherein the chuck comprises a main member
(14) and three holding members (16) which are sup-
ported by the main member such that the holding
members are movable in respective radial direc-
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tions of the main member, and wherein the first mo-
tion converting means is adapted to convert the ax-
ial-direction motion of the movable member into re-
spective radial-direction motions of the three hold-
ing members that are axially-symmetric with one
another with respect to an axis line of the main
member.

A chuck apparatus according to any one of Claims
3to 8, wherein the holding member comprises a col-
let (404; 508) which has a tubular shape and has a
plurality of slots (410; 514) extending in the axial
direction of the chuck, and wherein the first motion
converting means comprises one (416; 520) of an
outer tapered surface (416; 526) and an inner ta-
pered surface (420; 520) that is provided on the col-
let; and a main member which has the other (420;
526) of the inner tapered surface and the outer ta-
pered surface.

A chuck apparatus according to any one of Claims
1 to 10, wherein the chuck comprises a main mem-
ber (14; 402; 502) which is attached to an end of a
rotary shaft (10) so as to be rotated with the rotary
shaft.

A chuck apparatus according to Claim 11, wherein
the electric motor is attached to a frame (30) which
supports the rotary shaft such that the rotary shaft
is rotatable about an axis line thereof.

A chuck apparatus according to Claim 11 or Claim
12, further comprising a main drive device (36) for
rotating the rotary shaft.

A chuck apparatus according to Claim 13, wherein
the main drive device comprises a further electric
motor (36) and which includes a stator (40) fixed to
the frame; and a rotor (44) which is provided inside
the stator such that the rotor is coaxial with the sta-
tor and which is fixed to the rotary shaft so as to be
rotated with the rotary shaft.

A chuck apparatus according to Claim 7, wherein
the clutch comprises a first clutch member (134)
which is fixedly provided on the first rotary member;
and a second clutch member (138) which is coaxial
with the rotary shaft, is rotatable relative to the ro-
tary shaft, and is movable relative to the rotary shaft
in the axial direction of the chuck, to be engaged
with, and disengaged from, the first clutch member.

A chuck apparatus according to Claim 15, further
comprising a frame (30); a rotary shaft (10) which
is supported by the frame such that the rotary shaft
is rotatable about an axis line thereof; a main mem-
ber (14; 402; 502) which is attached to an end of
the rotary shaft; a second rotary member (144)
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which is supported by the frame such that the sec-
ond rotary member is rotatable about an axis line
thereof and which is engaged with the second
clutch member such that the second rotary member
is not rotatable relative to the second clutch mem-
ber and is movable relative to the second clutch
member in the axial direction of the chuck; and ro-
tation transmitting means (152) for transmitting the
rotation of the electric motor to the second rotary
member.

Apparatus for working a workpiece, said apparatus
comprising:

a frame (30);

a rotary shaft (10) which is supported by the
frame such that the rotary shaft is rotatable
about an axis line thereof relative to the frame;
a rotor (144) which is fixed to the rotary shaft;
a stator (140) which is provided outside the ro-
tor such that the stator is coaxial with the rotor
and which is supported by the frame such that
the stator is not rotatable relative to the frame;
and

a chuck (18; 402; 502) which is provided at an
end of the rotary shaft for holding and releasing
an object.

Apparatus according to Claim 17, further compris-
ing a state switching device (20) which includes a
power source (22) and which is adapted to switch
the chuck to an object-hold state thereof in which
the chuck holds the object and an object-release
state thereof in which the chuck releases the object,
wherein the power source is separate from the ro-
tary shaft and is not rotatable relative to the frame.
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FIG. 2
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FIG. 4

FIG. 5
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